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Abstract 

We compare some recent experimental results obtained at DESY, SLAC and 
Jefferson Lab., with the predictions of the statistical model, we have previ¬ 
ously proposed. The result of this comparison is very satisfactory. 
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Deep inelastic phenomena have played a crucial role in the discovery of 
QCD, as the theory of strong interactions, to establish its property of be¬ 
ing asymptotically free PP and to provide the logarithmic scaling violations 
found experimentally. However, concerning our present knowledge of the 
parton distributions at a given Q^, the situation is far from being settled. In¬ 
deed, the very precise measurements in unpolarized deep inelastic scattering 
(DIS) for electron-nucleon and charged current neutrino induced reactions, 
yield the structure functions Ff’""(x, Q^) and xF^^{x, Q‘^), which involve the 
combinations of parton distributions qi{x,Q^) ± qi^XyQ"^), summed over the 
flavors i = u,d,s,.... Therefore, due to data statistical limitations, there is 
some ambiguity in deriving from these structure functions, the quark and an¬ 
tiquark distributions for each flavor. In fact a flavor symmetric sea, namely 
d{x) = u{x), assumed in the Gottfried sum rule [2], was disproved by the 
NMC Collaboration [3] and one gets instead, at = 4GeH^, 

d — u= [ (d(x) — = 0.153 ± 0.015 . (1) 

Jo 

/^From a global QCD analysis of DIS, we recall that there is also some evidence 
for an asymmetry between s(x) and s(x) in the nucleon sea jl]. 

Polarized DIS yield the measurements of the spin-dependent structure 
functions gi’"'''^{x,Q^), which are combinations of Aqi{x,Q^) + Aqi{x,Q‘^) 
and don’t allow to disentangle the Ag* and Ag* contributions. The original 
Ellis-Jaffe sum rule j3], which was obtained with the assumption that only u 
and d quarks contribute to it, reads for the proton case 

r? = ^ gi{x)dx = ^-^ = 0.185 . (2) 

The EMC Collaboration discovered, nearly 15 years ago, that this sum rule 
has also a substantial defect, since they found, at < >= lO.TGeV^, Tf = 

0.126 ± O.OlO(stot) ± 0.015(si/st) 0. According to an interpretation of this 
result which was proposed earlier, the strange quarks had a large negative 
contribution [7]. However the EMC result has been conhrmed to a higher 
level of accuracy, for example, at = 3GeV^, one hnds Tf = 0.132 ± 
0.003(stot) ± 0.009(s|/st) [Sj. 

Over the last few years several empirical parametrizations have been pro¬ 
posed with Ap(x) = Pp(x)p(x), without a physical interpretation of the 
parameters which appear in the unpolarized part p{x) and in the polynomial 
Ppi x). By observing that u^{x) is the parton dominating at high x, a hrst 
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attempt to relate unpolarized to polarized quark distributions has been given 
in P, suggesting for x > 0.2, where the valence quarks dominate, 

Au{x) = u{x) — d{x). (3) 


It leads to the following relation between the unpolarized and polarized struc¬ 
ture functions 

xgi{,x) = ^[F|(a;) - ^ 2 ^( 0 ;)], (4) 

if one neglects the contribution of Ad{x), which is expected to be smaller 
than Au{x) and whose contribution is reduced by the factor e\le\ = 1/4. In 
fact, by using the available data j2] for the r.h.s. of Eq. 0, one predicts 
rf = 0.156 at = 4GeV^, which is in reasonable agreement with the data. 

The existence of the correlation, broader shape higher Erst moment, sug¬ 
gested by the Pauli principle, has inspired the introduction of Fermi-Dirac 
(Bose-Einstein) functions for the quark (gluon) distributions After many 
years of research, we recently proposed nn, at the input scale Ql = 4GeV^ 


xu^{x, Ql) 
xu~{x, Ql) 
xG(x, Ql) 


AX+y ^ Ax^ 

exp[(a: - Xo';,)/x]1 exp(x/x)-F 1 ’ 

^ Ax^ 

exp[(a; X^Qj/x] + 1 exp(a;/;r) 1 ’ 
exp(a;/x) — 1 ’ 


(5) 

( 6 ) 
(7) 


and similar expressions for the other light quarks (m“, d'^ and d~) and their 
antiparticles. We assumed AG{x, Ql) = 0 and the strange parton dis¬ 
tributions s{x, Ql) and As{x, Ql) are simply related [TT] to q{x, Ql) and 
Aq{x,Ql), for q = u,d. A peculiar aspect of this approach, is that it solves 
the problem of desentangling the q and q contribution through the relation¬ 
ship ng 

^ou + ^ou = 0 ) ( 8 ) 

and the corresponding one for the other light quarks and their antiparticles. 
It allows to get the q{x) and Aq{x) distributions from the ones for q{x) and 
Aq{x). 

By performing a next-to-leading order QGD evolution of these parton 
distributions, we were able to obtain a good description of a large set of very 
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precise data on F^{x,Q‘^), F 2 {x,Q^),xF^^{x,Q‘^) and gi’'^’"'{x,Q‘^) data, in 
correspondance with the eight free parameters : 

Xo+ = 0.46128, Xq- = 0.29766, = 0.30174, = 0.22775, (9) 

X = 0.09907, b = 0.40962, b = -0.25347, A = 0.08318 , (10) 

and three additional parameters, which are hxed by normalization conditions 

A = 1.74938, A = 1.90801, Ac = 14.27535 . (11) 

Therefore crucial tests will be provided by measuring flavor and spin 
asymmetries for antiquarks, for which we expect mma 

Au{x) > 0 > Ad{x) , (12) 

Au{x) — Ad{x) ~ d{x) — u{x) > 0 . (13) 

The inequality d{x) — u{x) > 0 has the right sign to agree with the defect in 
the Gottfried sum rule [2], but not with the trend shown at high x by the 
E886 experiment PI- An important test will be provided by studying IT^ 
production at RHIC-BNL at ^/s = 200GeV [TT| . 

The HERMES Gollaboration has provided ^3] a measurement of Au{x) — 
Ad{x) displayed in Fig. ^ which shows, within the large errors, consistency 
both with the vanishing value implied by a flavor symmetric polarization of 
the sea and with our predicted positive value, but disfavors the large positive 
values predicted by the chiral QSM [TH] . 

The other polarized structure function g 2 {x,Q‘^), if one neglects twist- 
three contributions, is given in terms of gi{x) by the Wandzura-Wilczek 
formula usi 

+ f AhXldy, ( 14 ) 

Jx y 

We compare our prediction for g^'^^^x, Q^) with the preliminary data from 
SLAG 1121 FiS- Eland we conclude that the theoretical curve is in good 
agreement with the experimental data. In Fig. Elwe compare our prediction 
for g 2 '^^{x, Q^) with the available measurements IIB1-I2D] and, once again, 
there is no disagreement with the data, since about the same number of the 
central values of the experimental points, which are affected by large exper¬ 
imental errors, fall above and beneath the theoretical curve. The functions 


3 



and g 2 {x,Q^) enter in the expression of the asymmetry Ai^x^Q"^) 
measured in polarized DIS, as follows 


Ai{x,Q'^) 


[ 9 i{x, Q^) - -f‘^g 2 {x, Q^)] 2x[l + R{x, 

(l + 72)F2(x,g2) 


(15) 


where 7 ^ = 2Mpx /and R is the ratio of longitudinal and transverse virtual 
photo-absorption cross sections. We plot in Figs. 01 01 our predictions for 
A^ and A^ respectively, and compare them with the available experimental 
results [IH 1 -I 2 ni; including three recent points for at high x measured 
at Jefferson Lab. ra. which are in fair agreement with our predictions. In 
particular the positive values found at high x for A^ agree with the dominance 
of the parton at higher x in the neutron (proton), which is a typical 

consequence of our parton statistical approach. In Fig. 01 the dashed curve 
corresponds to A^ = g^/F^, which is obtained by making the approximation 
g 2 = —gi- We see that the use of the exact Wandzura-Wiiczek expression 
for g 2 Eq. (fT^ leads to a larger A^ at high x, as shown by the solid curve. 
The same effect exists also for the proton case. 

Finally we show in Fig. 01our predictions in very good agreement with 
the behavior at high and large x of the neutral current structure function 
xF^^{x, g^), measured by ZEUS j2Hl and HI [2^], at HERA in e^p e^X. 

To conclude, the above comparison between recent experimental results 
and the predictions of the statistical parton distributions, shows that this 
simple and physical approach remains reliable. We look forward to more 
severe tests provided by the flavor and spin asymmetries of q distributions. 

Acknowledgments: We thank J.P. Chen, Z.E. Meziani, C. Vallee and X. 
Zheng for usefull discussions on recent data of their collaborations. 
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Figure 1: Flavor asymmetry Aw — Ad of the light sea quark as a function of 
X, for = 2.5GeV^. Preliminary data from HERMES Coll. jEj. 
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Figure 2: xoo for proton as a function of x, for = 4GeV^. Data from 
SLAG E155 mi. 












0.2 


w „ 
Of 0 

C\2 

cio 

X 


- 0.2 


□ SLAG E142 
A SLAG E143 
• SLAG El54 



10 


-2 



1 


X 


Figure 3: xg 2 for neutron as a function of x, for = 4GeV^. Data from 
E142, E143, E154 [13-1201 • 
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Figure 4: A\ as a function of x, for = 4GeV^. Data from E143[Tn]. 

EMC in], E155|221, HERMES mi, SMCj21|. 


10 
































Figure 5: as a function of x, for = 4GeV^ solid curve, gi/F^ dashed 

curve. Data from E1421IH], E155I221, E154|2n|, HERMESj^n], Jlab E-99- 

ii7|2Zl. 
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Figure 6: The structure function as a function of x, for different Q^. 

Data from ZEUS Coll. |2H], HI Coll. [23 • 
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